I. INTRODUCTION
"Alaska, including the Aleutians, produces a greater number of earthquakes than the rest of the United States combined," writes Gedney [1] . Furthermore, Gedney cites relevant statistics: during 1979, 476 earthquakes with magnitudes greater than 3.0 occurred in Alaska as compared to 261 earthquakes in all of the other states combined, and that Alaska produces 20 times as much "earthquake energy" as all the states combined.
What better natural laboratory can be found than Alaska?
Alaska's largest city, Anchorage, is at the junction of a subduction zone and a strikeslip zone Aleutian Trench, which contains the Shumagin and Unalaska Gaps (Subduction Area) and the normal north-south fault that contains the Yakataga Gap. The 1964 earthquake of magnitude 8.4 occurred at the Aleutian Trench.
Downtown Anchorage is founded on glacial debris with depth of 600-800 feet. As happened in the past, a future earthquake of sizeable magnitude is surely to affect the structures in Anchorage and all other towns in its vicinity. Therefore, along with freefield surface arrays that are in operation in all parts of Alaska, it is of utmost engineering importance to instrument some structures in Anchorage and other towns. The purpose of this instrumentation effort would be to obtain data from structures (within this unique geotechnical environment) during strong motion events so that research can be conducted on their performances.
It is important, however, that the instrumentation of structures be implemented under planned and programmed schemes. It is also important that the instrumentation effort be coordinated and maintained properly.
The aim of the USGS-Alaska Instrumentation of Structures Advisory Committee is
to follow such a planned program using federal and state resources as available. This effort is also part of a national effort by the USGS to encourage instrumentation of selective structures in potentially seismically active regions requiring earthquake hazard mitigation programs.
The objectives of the advisory committee are to prepare the recommended list of structures to be instrumented within several centers in the State of Alaska and to provide guidance on background information necessary to design and implement instrumentation schemes.
II. THE STATUS OF STRUCTURAL INSTRUMENTATION PROGRAMS OF THE USGS
The main objective of any instrumentation program for structural systems is to improve the understanding of the behavior, and potential for damage, of structures under seismic loading. The acquisition of structural response data during earthquakes is essential to confirm and develop methodologies used for analysis and design of earthquake-resistant structural systems. This objective can best be realized by selectively instrumenting structural systems to acquire strong motion data, and the response of structural systems (buildings, components, lifeline structures, etc.) to the strong ground motion. As a longterm result one may expect design and construction practices to be modified to minimize future earthquake damage [2] .
Various codes in effect in the United States, whether nationwide or local, recommend different quantities and schemes of instrumentation. The Uniform Building Code (UBC) [3] recommends for Seismic Zones 3 and 4 a minimum of three accelerographs be placed in every building over six stories in height with an aggregate floor area of 60,000 feet or more and in every building over 10 stories in height regardless of floor area. The City of Los Angeles adopted this recommendation in 1966 but in 1983 revised this recommendation to require a single accelerograph to be placed at the top of the building meeting the above criteria. Previous experiences show that the instrumentation guidelines given by the UBC code, for example, although providing sufficient data for the limited analyses projected at the time, do not provide sufficient data to perform the model verifications and structural analyses now demanded by the profession.
On the other hand, valuable lessons have been derived from the study of the data obtained from a well-instrumented structure, the Imperial County Services Building, during the moderate-sized Imperial Valley earthquake (M8 = 6.5) of October 15, 1979 [4] .
To reiterate, it is expected that a well-instrumented structure for which a complete set of recordings has been obtained would provide useful information to:
check the appropriateness of the design dynamic model (both lumped mass and finite element) in the elastic range;
determine the importance of non-linear behavior on the overall and local response of the structure;
follow the spreading of the non-linear behavior throughout the structure as the response increases and the effect of the non-linear behavior on frequency and damping;
correlate the damage with inelastic behavior; determine ground motion parameters that correlate well with building response damage; and _ make recommendations to improve seismic codes.
To enhance the effort in instrumentation of structures, the USGS recently established an advisory committee program. The advisory committees are regional committees comprised of professionals from universities, state, federal, and local government agencies, and private companies. The advisory committees are formed in regions of seismic activity and are requested to develop recommended lists of structures for possible instrumentation.
The first of these committees was formed in the San Francisco Bay Region [2] . The second committee was formed in San Bernardino County [5] . Other committes including this committee in Alaska followed. Reports of the committees of Charleston, South Carolina and the New Madrid region have recently been issued [6, 7] .
A general description of the targeted regions for structural instrumentation is shown in the map in Figure 1 . Whether committees are formed in these targeted regions and reports were issued by the committees is indicated in Figure 2 . 
III. SEISMICITY, SEISMIC GAPS AND EARTHQUAKE POTENTIAL IN ALASKA
A detailed review of the subject has been made by Davies [8] . To provide this information to the reader, it is included in Appendix A.
IV. METHODOLOGY FOR RANKING STRUCTURES
The ranking of structures in Alaska was realized by looking into several factors and parameters, grouped under one of the two methods shown below:
RANK (A) (8tructures) = P(data) x P(use) x P(care) x 100 or
RANK (B) (8tructure8) = [P(dtu) + P(use) + P(care)+]
where 0 < Pi < 1 and, P(data) = probability that instruments will be triggered.
P(use) = probability that the data obtained will be useful.
P(care) = probability that results will be useful (i.e., how interested are we in the particular structure?).
and, therefore, 0< RANK <100.
This coefficient is to be determined by the relationship: 
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Therefore, as seen in Figure 4 , 0.5 < 5(T) < 2.5
The period, T, of the structure for use in determining 5(T) is estimated by using the well-known approximate formula [3] :
where N = number of stories of the structure.
As a result,
This coefficient is to be determined by the relationship:
where U\ = factor related to quality of documentation of structure. C72 = factor related to extent to which structural response is calculable (analytical techniques, regular shape, etc.). C73 = factor related to accessibility to structure or chance of obtaining instrumentation permit from the owner.
The factors are to have the values ranging 0 < Ui < 1.0 10 and, therefore, 0 < P(use) < 1.0
This coefficient is to be determined by the relationship: where C\ = structural type factor Ci = structural importance factor C$ = factor related to materials of construction C± = factor related to significance of soil-structure interaction or having analysis incorporating soil-structure interaction.
In general, these factors will have values ranging 0 < C, < 1.0
However, for the Ci factor, if special circumstances are present, the factor could be taken up to 2.0 (e.g., if the structure is a base-isolated structure).
V. DIFFERENT REGIONS CONSIDERED
During the evaluation of structures, the regions considered in Alaska are: 
VI. RECOMMENDED LIST OF STRUCTURES
The structures identified in Alaska are subjected to the criteria developed in Section IV. Results are provided in Appendix B Table B -l (Anchorage) and Table B -2 (Outside Anchorage), respectively. In both Tables Bl-d and B2-d, the ranking is shown for both methods adopted in Section IV.
For an initial implementation strategy, the top ranking ten structures in Anchorage are provided in Table 1 . As seen in Table 1 , there was not much difference in the conclusive ranking with either method A or B adopted in Section IV. Whittier, CA, 1970 , 1973 , 1976 , 1982 , 1985 
A Comparison with California
California is regarded by many as the archetype of "earthquake country" (lacopi, 1971). California is indeed earthquake country, cut by the San No.
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Andreas fault system and many other faults; it has been the site of several historical great earthquakes. Most famous among these was the 1906 MW -7.8 earthquake which devastated San Francisco. All of the recent damaging earthquakes in California such as the San Fernando, Coalinga, and Morgan Hill events, were rated about 6.5 on the Richter scale.
One can compare this activity in California to that in Alaska by considering the histogram shown in Figure 1 . This histogram shows the number of earthquakes larger than magnitude 5.5 in each of the years from 1976 through 1980 for both Alaska and California. It is easy to see from this comparison that Alaska also deserves to be called earthquake country. In Alaska, however, most of these large earthquakes occur in remote, sparsely populated regions so that many events with magnitudes in the 5 to 7 range cause little if any damage and go almost unnoticed.
MAJOR EARTHQUAKE ZONES IN ALASKA
The Alaska-Aleutian Subduct ion Zone
The vast majority of the large earthquakes in Alaska occur along the Aleutian There have been no events larger than M * 7.0 in western and northern Alaska including the offshore regions of the Bering, Chukchi, and Beaufort seas (excluding the Aleutian zone, of course). If one lowers the magnitude threshold a little and considers all events larger than M -6.0, we begin to see a trend of epicenters defining a broad belt from the Fairbanks-Delta Junction area in interior Alaska through the Kotzebue-Nome area in western Alaska, and on across the Chukchi Sea into Siberia. If one lowers the threshold still further and considers all events larger than M * 4.5, then a second trend emerges. This is a broad belt of epicenters trending northnortheast, which again originates in the Fairbanks-Delta Junction area and goes through the Barter Island area of north-eastern Alaska. The two regions of lowest historical seismic activity in Alaska are the Kuskokwim and Yukon deltas region around St. Marys and Bethel and the western half of the north slope region centered around Point Barrow, with the latter being somewhat less active than the former.
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A la s tea n Earthquake Statistics
We can get a reasonably quantitative sense of the relative hazards between these broad zones of Alaska by examining the historical record for earthquakes of magnitude greater than or equal to seven as compiled in Table 2 . The events listed in that table have been assigned to three zones: (1) the subduct ion zone; (2) the transform zone; and (3) the mainland Alaska zone.
Recall that no large earthquakes (M 2. 7.0) have occurred in Alaska outside of these three zones. That is not to say that it is impossible for a magnitude seven event to occur near Bethel or Barrow, e.g., just that the probability is considerably lower there relative to the three zones which have been active over the past 90 years.
For each of these active zones the number of independent events larger than or equal to magnitude seven and the time intervals between them are summarized statistically in Table 3 . In the subduction zone, e.g., there have been 37 events of M >_ 7.0 during the past 90 years. Excluded from this tabulation are events that appear to be foreshocks or aftershocks of some other event. The mean repeat time, or average interval time for independent earthquakes of M >^ 7.0 in the subduction zone was 2.3 years, and it has been 5.0 years since the last such earthquake. The "time for 95% of cases" is the mean repeat time plus 1.645 times one standard deviation of the individual repeat times about their mean. This statistic assumes a Gaussian distribution of the repeat times which is clearly not true for the M J> 7.0 case, but which may be true for the M 2. 7.8 case. It is simply meant to be a measure of how "overdue" a particular zone may be. If the time interval since the last event in a particular zone is longer than "95X" of all previously observed time intervals between events, then one might say that zone is overdue for an earthquake of the class in question. In the example of the subduction zone the time for 95% of previous intervals is 6.1 years, so the fact that it has been 5.0 years since the last event means that we are approaching being overdue for an earthquake of M _> 7.0 there. However, for earthquakes of M _> 7.8 it has been 20.9 years since the last event and the 95% time is 19.3 years, so in this case we are now overdue. 1927 1928 1929 1929 1929 1929 1933 1935 1936 1937 1938 1938 1940 1940 1940 1943 1944 1945 1946 1946 1946 1947 1948 1949 1949 1951 1953 1957 1957 1957 1957 1957 1957 1957 1957 1957 1957 1958 1958 1960 1964 1964 1965 1965 1965 1965 1965 1965 Table 2 augmented by data for the period Jan. 1981 -Jan. 1986 from the National Earthquake Information Service (NEIS). 2) The mean repeat time for the MS > 7.0 and MS > 7.8 events is the average of the observed interevent tines. 3) The "time for 95* of cases" is the mean interevent time plus 1.645 times one standard deviation of the individual interevent times about their mean.
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In the transform zone neither class of earthquake Is close to being overdue, so while an event of M 2. 7.0 could occur tomorrow, we would not be surprised if it did not occur for another 30 years.
In the mainland Alaska seismic zone there have been no events of M 2. 7.8 during the past 90 years. This does not mean that such events are impossible, simply that they are less frequent than in the subduction zone. The mean repeat time for great earthquakes in this zone is probably on the order of a few hundred years, so it's not surprising that we have not recorded one given our short history here.
For major (7.0 >^ M 2. 7.8) earthquakes in the mainland zone the time since the last event is 27.8 years, and the time for 952 of the cases is 24.5 years, thus we are overdue here too.
It should be noted that these statistics apply to very large zones and that the mean recurrence times for a specific locality within one of these zones is much longer than the mean repeat time for the whole zone.
CAUSE OF EARTHQUAKES IN ALASKA AND LIKELIHOOD OF FUTURE SHOCKS
The direct cause of the very large earthquakes in southeastern Alaska and the Alaska Peninsula-Aleutian zone is the relative motion of the Pacific and North American (Alaska) plates (Fig. 3) Figure 3 . Some of the plate tectonics features which give rise to the Pacific Ring of Fire. Most earthquakes and volcanoes occur around the margins of the pacific Basin, particularly in the subduct ion zones and along faults exhibiting strike-slip (lateral) displacement.
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American plate; here it begins subducting beneath Alaska. The Pacific plate is consumed beneath the North American and Eurasian plates along the Aleutian, Kurile, and Japanese islands.
The conveyor-belt-like motion of the Pacific plate from spreading center to subduction zone is thought to be driven by buoyancy forces. There may be a small amount of push as it "falls off" the topographic high at the spreading center and there is probably a much stronger pull as the cooler portion of the plate, far away from its origin at the spreading center, sinks under gravitational forces into the less-dense mantle. It is this relentless motion of the Pacific plate as it slides by southeastern Alaska and is thrust beneath the Gulf of Alaska and the Aleutian Islands that causes most of the earthquakes in Alaska.
Over the past 5 million years, about 290 km of Pacific plate has been thrust to the northwest underneath southern Alaska in the vicinity of Anchorage -an average rate of about 5.8 cm year. Since the slip during the 1964 Good Friday earthquake is calculated to have been about 10 m, it would take about 172 years to build up enough strain for a repeat of that devastating event. Note that this is an average number and that it is assumed that no ##?aseismic slip takes place; that is, that all of the 5.8 cm per year of relative motion between the Pacific and North American plates is taken up in strain that is entirely released in the form of great earthquakes. Extreme estimates of the repeat times for great earthquakes in southern Alaska range from 30 years to 1800 years.
Seismic Gaps
The deterministic notion of repeat times of large earthquakes described above leads to the idea of a seismic gap. If it takes a certain amount of time for strain to build up in a region following a large earthquake, then it follows that immediately after such an event the probability for another of similar magnitude is quite low. Conversely, if much time has elapsed since the last large event in an area where large earthquakes are known to occur, then the probability for a large shock in the near future is relatively high. Such an area is called a seismic gap (with a high seismic potential).
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In southern Alaska there are two regions that have been identified as seismic gaps: one near Yakataga and the other near the Shun agin Islands and Cold Bay on the Alaska Peninsula. In each of these areas it has been at least 80 years since the last great earthquake (Mw 2. ? &) occurred. In both areas, 80 years is approximately the estimated repeat time for an earthquake of about MW -8.0. Hence, both areas are "due" for a large earthquake (i.e., have a high seismic potential), so we wouldn't be surprised if one were to occur there tomorrow. On the other hand, we wouldn't be surprised if one did not occur there during the next 10 years. The quality of the data presently available to us restricts us to the following statement: There is a 30 to 90 percent chance of an earthquake of MW j> 8.0 occurring in the Yakataga and Shumagin gaps in the next two decades (Nishenko and Jacob, 1985) . The range in probabilities arises out of different assumptions about how to do the statistics.
Faults Away from Plate Boundaries ,
We understand the probabilities for large shocks in the seismic gaps quite well by comparison to how well we understand that likelihood for large earthquakes on most faults that do not lie near plate boundaries. In most cases we have no direct information about the repeat time for large events on a given fault: all we know, for example, is that a certain fault may have been offset in the last 10,000 years -we may not even know if this offset was sudden, in one or more large events, or gradual, in some form of continuous creep.
One particularly important example of this situation is the Border Ranges fault which follows an arcuate path along the northern front of the Chugach and Kenai mountains from north of Cordova to the southwestern tip of Kodiak Island, a distance of over 1000 km. This great fault is thought to be the suture zone (or zone of collision) between parts of southern most Alaska which were rafted together about 40 million years ago. It is possible that portions of this suture zone are active today. There is some evidence, for example, that the portion near Eagle River has moved in the last 4,000 years. There is no large earthquake known to be associated with the Border Ranges fault. This A17 leaves us with the uncomfortable and unsatisfactory conclusion that there is a possibility that there is a high probability for a large earthquake on this major fault system which runs right through Anchorage. Clearly more work is urgently needed to resolve this situation. In the meantime most, but not all, assessments of seismic hazard in the Anchorage area assume the fault to be active.
Again, this is only one example. There are many other major faults in southcentral, western, and northern Alaska which may or may not generate future large earthquakes: The Castle Mountain, Denali, Iditarod, Kaltag, and Tintina faults, to name just a few. Further, there are seismically active zones such as the Badger Road area near Fairbanks that has had thousands of earthquakes, including four events of magnitude 5.5 to 6.0 on one day -June 21, 1967. In this area we have earthquakes but no known fault* This makes it difficult to assess the likelihood of future, possibly larger events. We know these larger events can occur in the Interior: there were events of Mg -7.3 in 1904 south of Rampart, near Salcha in 1937, and near Huslia in 1958. None of these earthquakes clearly occurred on a mapped fault. So, for the time being, we must lump all of these events into one large seismogenic zone and treat their occurrence statistically. This has the result that we "smear out" the probability of occurrence of future larger events over a very big area, with the consequence that some areas are underrated as to their seismic hazard and others are overrated. For the present, this is the best that can be done.
RISK REDUCTION
What can we do to improve this situation in the future, and what can we do to mitigate the effects of the inevitable future large earthquakes? The essential new information will come only from a long-term commitment to a program of seismic monitoring and geological mapping designed to identify and evaluate potential seismic sources in Alaska. As this new information becomes available, it must be incorporated into building codes and zoning requirements so that it is used to assure the cost-effective and safe development of the state.
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That a long-term commitment to seismic risk reduction is cost effective was clearly demonstrated by a three-year study carried out by the California Summarizing the earthquake shaking case, we see that for the period from 1970
to 2000 the expected loss in California under current practices would be $21 billion, the possible reduction in these losses given state-of-the-art lossreduction measures would be about $10.5 billion, and the cost to implement these measures would be about $2 billion. This gives a benefit/cost ratio which is better than 5:1, a pretty good return on investment by any standards! Some of the other major geologic problems yield even higher benefit/cost ratios. Loss of mineral resources to urbanization and landsliding, are both $10 billion-plus problems which have benefit/cost ratios in excess of 9:1. Clearly a little foresight would make good economic sense.
These numbers, of course, apply only to California, where there is a very large population exposed to these hazards. A similar study is needed in Alaska to identify the problem areas where similar benefit/cost ratios might apply to our geologic problem. It is very likely that given properly scaled loss-reduction programs, similar benefit/cost ratios could be achieved for A19 earthquake losses, loss of mineral resources, and frozen ground losses, to name just a few.
BILLIONS OF DOLLARS
CONCLUSIONS
We have a rapidly developing urban and transportation infrastructure in Alaska which is vulnerable to an extremely high level of earthquake hazard. This hazard, while qualitatively well understood, cannot be adequately quantified for risk assessment purposes at the present level of knowledge. What is required is a two-fold commitment to improving our knowledge of the hazard and to carrying out appropriate loss-reduction measures. There is every reason to believe that substantial benefit/cost ratios can be achieved in Alaska with a well-planned program to reduce losses from earthquakes. Further, there are many other geologic problems in Alaska that likely will admit to similar lossreduction efforts. 
